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Introduction
In recent times, the importance of renewable and clean energy sources has increased significantly as climate change has become a long term threat to global ecosystems and the world economies (Simsek and Simsek, 2013) . Alternative energy sources are increasingly required to respond to this threat of climate change and skyrocketing energy demand in the world. The need for a shift from the use of primary energy sources that emits toxic pollutants to the environment to greener energy source is a current issue in energy led growth literature. Most advance countries of the world has established legal framework to encourage the use of renewable energy sources in line with the objectives of global energy organization and global climate change and environmental safety advocacy organization such as International Energy Agency (IEA) and Kyoto Protocol. Among these objectives is to advance the world's energy supply and demand structure by developing alternative sources of cleaner energy and increase the efficiency of energy use.
The objective of this paper is to examine the impact of clean energy on economic growth in Nigeria. Nigeria is one of the countries blessed with clean and renewable energy that include solar energy, wind energy, hydropower, and biomass among others. Interest in the use of clean energy has increased, since petroleum may not last * Tel.: +234 601116267905. -mail address: keibimaji@gmail.com. beyond 8 decades at 2010 rate of reserve and production (REMP, 2012) . Despite that promotion of renewable energy sources is central to the country's National Energy Master Plan (NEMP), the development of clean energy technologies has been slow. The country also lacks a separate legal framework in charge of renewable energy. This may have led to the fall in the contribution of energy to Gross Domestic product (GDP) to 13.70% in 2013 from 15.50% in 2010 15.50% in (ECN, 2013 . Therefore, huge amount of clean energy will be required to achieve the nation's mission of growing the economy at the rate of 11%-13% to be part of the 20 largest economies of the world by 2020 (REMP, 2012) .
E
The current government recently announced that it had concluded arrangement to launch a national policy on renewable energy in Nigeria. This is expected to increase the supply of clean and environmentally friendly source of energy. For instance, the 30,000 MW of electric power supply requirement for Nigeria is expected to be generated from renewable sources. Other strategies geared to enhance growth in renewable energy sector include: introduction of renewable energy legal framework, giving license to private sector to invest in clean energy related sectors in Nigeria, attractive tariff for foreign investors in renewable energy among others. Against this back ground, this paper investigates the impact of renewable energy resources on economic growth in Nigeria. The remainder of this paper is scheduled as follows: Section 2 is literature review, Section 3 deals with data, model and methodology, Section 4 presents results and empirical findings while Section 5 focuses on conclusion and policy implication. 
Literature review
Energy efficiency and clean energy use has become increasingly a new area of discussion in energy-growth nexus (see for instance, Mandelli et al., 2014 , Sanoh et al., 2014 , Qi et al., 2014 , Oyedepo, 2014 and Mediavilla et al., 2013 . This led to the need to investigate clean energy relationship with economic growth in Nigeria. Recently, Olugasa et al. (2014) conducted a conceptual review on clean energy production from biogas for use in Nigeria. Having reviewed the global techniques on how to store and generate clean energy from biogas, point out its potential economic advantages and use in meeting energy demand in Nigeria and other developing countries.
Similarly, Ajayi and Ajayi (2013) investigate and analyze the energy policies and legal ethics of renewable energy development in Nigeria. They focus on Nigeria legal framework of clean energy development by appraising the vision 20:2020 of the federal government of Nigeria and the clean energy master plan forwarded by joint efforts of the Energy Commission of Nigeria (ECN) and United Nations Development Programs (UNDP) among others. Some of the policy challenges revealed by the study are inadequacy of economic incentives by government, unfavorable tax and tariff system to promote clean energy technology. They further recommend the amendment of land use act, investment laws and environmental impact assessment decree by Nigerian government. Pao and Li (2014) investigated economic growth, clean energy and unclean energy in MIST (Mexico, Indonesia, South Korea, and Turkey) economies. The method adopted was panel cointegration. Part of the result of interest suggests long run causality from clean energy use to economic growth and positive feedback causality in the short run. Renewable energy also causes fossil fuel consumption in the long run and a negative feedback effect in the short run. In the same year, Zhang et al. (2014) examine the potentiality of cooperation in renewable energy between United States of America and China. Their finding suggests that such cooperation can foster economic development, mitigate carbon emissions, improve the environmental quality, promotes green growth and mutual benefit between the two countries.
Furthermore, Sbia et al. (2014) documented the link between economic growth and indicators of foreign direct investment, trade openness, carbon emissions and clean energy for UAE. The method used was autoregressive distributed lag approach to cointegration. Their findings reveal that trade openness; carbon emissions, foreign direct investment reduce energy use while clean energy and economic growth have positive effect on energy consumption. Perobelli and Oliveira (2013) conducted a study in 27 Brazilian states by developing an indicator for energy development potentials using factor analysis. The outcome identifies three energy development potentials which include; supply of clean energy, supply of unclean energy and demand for energy.
Again, Kanellakis et al. (2013) investigate energy policies of the European Union and highlighted the union's strategy on energy related matters including the antecedence of the union's creation in 1951. Implemented policies in the union includes; clean energy, energy savings and efficiency, security of energy, energy market, nuclear energy, safety of the environment and research and development. Pfeiffer and Mulder (2013) also investigate the diffusion of non-hydro clean energy technology for generating electricity in 180 developing countries using two stage estimation techniques. They found that the diffusion increases with the enforcement of economic and regulatory instruments. Similarly, increase aid and openness, organizational policy supports, growth of electricity use, and fossil fuel production delay diffusion of nonhydro clean energy. Simsek and Simsek (2013) explore recent incentives and potential of clean energy sources in Turkey. The outcome suggests that recent improvement, like development in the renewable legislations, liberalization of the electricity market, has foster growth and investment opportunities on renewable energy in Turkey. Natural endowment of solar, geothermal and wind has facilitated development and attracted global attention to their market. On the other hand Brown et al. (2012) found six myths on clean electricity in the southern US that are either initiated by the public or spread among policymakers. Energy economic modeling mechanism was used to show that the myths are half-truths. Their work further identifies new energy policy improvement where clean production can save user's income and meet most demand growth in the next two decades.
Nigeria is blessed with abundant fossil, renewable and nuclear energy resources. The fossil energy resources include crude oil and natural gas, coal and tar sands while the clean and renewable energy include small hydro, large hydro, biomass, wind and solar. The renewable use of energy sources are still on the infant stage on like nonrenewable sources which have been exploited for decades and used for productive and domestic purposes in the country. Tables 1 and 2 show the nonrenewable and renewable energy potentials in Nigeria.
Data, model and methodology
This paper tests the empirical impact of clean energy on economic growth in Nigeria. To achieve this, annual data were collected from World Bank development indicator in 2014. The data collected covers the period from 1971 to 2011. Gross Domestic Product (GDP) per capita (constant LCU) was used as a proxy for economic growth while three separate indicators were used to represent clean energy. These include; alternative and nuclear energy (% of total energy use), combustible renewables and waste (metric tons of oil equivalent) and electric power consumption (kWh). These indicators were used to ascertain the influence of renewable energy on economic growth in Nigeria. The trend of the series and descriptive statistics are presented in Fig. 1 and Table 3 .
In the series, economic growth, alternative and nuclear energy, and electric power consumption show fluctuations while combustible renewables and waste indicates continuous increase. The descriptive statistics result of Jarque-Bera test shows that all variables fulfil the requirement for normal distribution.
In order to model the relationship between economic growth and clean energy, a functional form model is constructed below.
(1) The functional Eq. (1) was converted to an econometric model by introducing a drift parameter, slop of each explanatory variable and stochastic error term. We have further converted Eq. (1) into natural log to enable efficient estimation as shown below:
where Y t represents economic growth, AN t denotes alternative and nuclear energy, CR t for combustible renewables and waste and EP t represents electric power consumption indicator. π 0 is the intercept or drift parameter while µ t is the random error term that is expected to be normally distributed with zero mean and constant variance.
Following Pao and Li (2014) , Shahbaz et al. (2014) , Sbia et al. (2014) and Saboori et al. (2012) with modifications, the study adopts the Autoregressive distributed lag (ARDL) approach to cointegration introduced by Pesaran et al. (2001) to test the long run equilibrium relationship between economic growth and clean energy indicators. Some of the merit of using the ARDL cointegration approach over other methods include: derivation of the error correction model via a simple linear transformation which combines short run adjustment from shocks with long run without compromising long run information; it can be used irrespective of the fact that variables are stationary at I(0), I(1) or combination of both; ARDL cointegration has a good property for small sample size. On the bases of these justifications we construct the unrestricted error correction model of ARDL cointegration approach as follows: 
Having developed the unrestricted error correction model, we proceed to test the joint null hypothesis of the variables in order to establish the long run equilibrium relationship among them. Our null hypothesis is given as H 0 : α 1 = α 2 = α 3 = α 4 = 0 while the alternative hypothesis is H a :
The null hypothesis suggests the absence of cointegration while the alternative indicates the existence of cointegration among variables. In order to establish the existence of cointegration between economic growth and clean energy indicators in Nigeria, we estimate the value of F-statistics of the ARDL approach to cointegration through the OLS and compare with critical bounds table of Narayan (2005) . Cointegration exists if the value of the Fstatistics is greater than the value of upper bounds of the Narayan critical bounds table. On the other hand cointegration does not exist if the estimated F-statistics is smaller than the lower bounds value of the Narayan critical table and the outcome is inconclusive if the F-statistics falls between the upper and the lower bounds value. Before estimating Eq. (3), we first construct the long run model of the ARDL approach to cointegration as follows:
The long run model is followed by the error correction model presented in Eq. (5):
In view of Eqs. (1)- (5), we first conducted a unit root test on economic growth and renewable energy indicators to avoid spurious result. The unit root test was conducted and presented in the next section.
Results and empirical findings
The stationarity property of economic growth and indicators of renewable energy were tested using the Augmented Dickey Fuller (ADF) and Phillips Perron (PP). The result suggested that the variables were stationary at I(1). Although unit root test is not a necessary requirement in ARDL approach to cointegration, we do not fail to conduct it in order to be sure that all variables do not exceed I(1). The result of the unit root test is presented in Table 4 and we can then safely proceed to test the cointegration relationship among our variables.
Using ARDL approach to cointegration test, we estimated the F-statistic through the OLS variable addition test in Eq. (3). The value of the F-statistics (14.7603) is greater than the upper bounds value (6.610) of the Narayan (2005) table at 1% level of significance, indicating a strong cointegration relationship between economic growth and proxies of clean energy in Nigeria. On this ground, we accepted our alternative hypothesis of the existence of cointegration and do not fail to reject the null hypothesis that postulates absence of cointegration. The result of the cointegration test is presented in Table 5 : Since we have achieved the existence of cointegration among our variables using ARDL approach advanced by Pesaran et al. (2001) in Table 5 , we move further to estimate the long run model of Eq. (4). The model was estimated and presented in Table 6 . The long run result suggests that the coefficient of alternative and nuclear energy (% of total energy use) is significant and inversely related to economic growth. An increase in alternative and nuclear energy by 1% reduces economic growth by 0.7131% other factor influencing economic growth held constant. The result seems counter intuitive; however, it is in line with the findings of Wesseh and Zoumara (2012) that investigated similar study for Liberia. It suggests that promoting alternative and nuclear energy may hinder economic growth in Nigeria. This result may not be unconnected with the fact that the country has not fully developed renewable energy sources as government is currently working on the legal framework frame for clean energy in Nigeria.
Furthermore, the estimate of combustible renewables and waste is positively related to economic growth in Nigeria and significant at 1% level, meaning that an increase in combustible renewables and waste by 1% will lead to more than proportionate increase in economic growth. This result apart from being in line with expectation shows a very strong influence on economic growth in Nigeria. The finding corroborates recent literature of Pao and Li (2014) for MIST economies, Olugasa et al. (2014) for a study in Nigeria, Pfeiffer and Mulder (2013) for developing countries and Brown et al. (2012) for United State. This further shows that combustible renewables and waste is among clean energy endowment that facilitates economic growth in Nigeria. Therefore government should pay attention to it in the development of national policy on clean energy sources.
Similarly, the coefficient of electric power consumption of clean energy is also significant and inversely related to economic growth in the long run. If other factors influencing economic growth are held constant, an increase in electric power consumption in Nigeria by 1% will lead to a reduction in economic growth by 0.5524%. The negative result could be attributed to absence of sound institutional framework of electricity generation in the country. This result provides support to the findings of Wesseh and Zoumara (2012) . It may also suggest that much resource is invested to generate electric power in Nigeria, to the extent that it hinders economic growth. This is coupled with the fact that recent privatization of the electricity generating company to private investors has not yield reasonable outcome.
The result of the short run model was estimated from Eq. (5) and presented along with the long run in Table 6 . The coefficient of alternative and nuclear energy is positive but seems not to be significantly different from zero at current period. This is similar to the result obtain by Cowan et al. (2014) . However, the coefficient is positive and significant in period (t + 4). It implies that given current situation it will take up to 4 year before this indicator impacts positively on economic growth. Furthermore, the estimates of combustible renewables and waste and electric power consumption are both negative and also seem not to be statistically significant. The coefficient of the error correction model (ecm) is negative, less than one and significant. The 0.5527 coefficient of error correction model is the speed of adjustment of economic growth in event of any short term shock in the model. It is a moderate speed of adjustment during a period of one year.
The results of the diagnostic tests were also presented in Table 6 . The result suggests that the model passes the two main diagnostic tests of serial correlation and heteroscedasticity test. The stochastic error term is white noise and normally distributed with zero mean and constant variance. Therefore we fail to reject the null hypothesis.
The model was further diagnosed for stability test using cumulative sum of recursive residuals and cumulative sum of squares of recursive residuals. The results are within the critical bounds at 5% level of significant indicating that the model is stable, consistent and reliable. The diagrammatic representations of stability test are presented in Figs. 2 and 3.
Conclusion and policy implication
The objective of this paper is to examine the impact of clean energy on economic growth in Nigeria. ARDL approach to cointegration forwarded by Pesaran et al. (2001) was adopted to test the long run relationship between clean energy indicators and economic growth. The result suggests the existence of cointegration among the variables at 1% level of significance. The long run estimate of alternative and nuclear energy is significant and negatively related to economic growth. The policy implication is that any current policy of government to increase clean energy through alternative and nuclear energy may retard economic growth over some period in Nigeria. This may have resulted from the fact that the economy has not fully developed its renewable energy sources. There is also the absence of separate legal and institutional framework for clean energy in the country.
The coefficient of combustible renewables and waste provides a positive and significance relationship with economic growth in the long run. An increase in combustible renewables and waste will not be at the expense of growth since 1% increase results to increase in economic growth by 1.262. This suggests that combustible renewables and waste will contribute even more, to economic growth when the institutional framework is improved. It is therefore a potential source of renewable energy which should be properly incorporated in the current strategy of government for renewable energy sector. More so, the coefficient of electric power consumption is also negative and significant at 1% level. This may suggest that electric power consumption has a crowding out effect on other macroeconomic variables that contribute to economic growth.
An interesting part of the short run result is that alternative and nuclear energy projected a positive and significant impact on economic growth in period (t + 4). This portrays a future potential contribution to economic growth by this indicator. Therefore government need to pay more attention to renewable energy resources to fully reap its benefit in the future. Despite the challenges faced by government to develop the country's renewable energy resources as emphasis in its Renewable Energy master Plan (REMP), the clean energy sources if developed and efficiently utilized will go a long way in providing energy security, green jobs and contribute to sustainable growth and development in Nigeria.
